Abstract This note documents a set of expressions used to explore the issue of whether or not it is reasonable to consider a conventional positron source for a Tesla formatted beam. The critical issue is that of energy deposition in the conversion target and the comparison of the induced stress with the ultimate tensile strength of the target material. Since the length of the incident beam pulse is large in comparison to the ratio of beam size to the speed of sound, the concurrent pressure pulse dissipates in a time short compared to the overall pulse duration and one is left with only the Abstract: This note documents a set of expressions used to explore the issue of whether or not it is reasonable to consider a conventional positron source for a Tesla formatted beam. The critical issue is that of energy deposition in the conversion target and the comparison of the induced stress with the ultimate tensile strength of the target material. Since the length of the incident beam pulse is large in comparison to the ratio of beam size to the speed of sound, the concurrent pressure pulse dissipates in a time short compared to the overall pulse duration and one is left with only the semi-static thermal stress. The conclusion of this note is that for tangential target speeds of 100-125 m/s, two positron targets are necessary. For a target speed of 250 m/s, it is possible that a single target can handle to energy deposition. Additional issues that need to be addressed are given at the end. This note is informal in nature.
given. The actual results of this work is shown in a series of plots following the task list. And finally, an appendix is included which documents the scaling used to arrive at the various table entries for positron production that are used in the USLC Reference Design document, sections 3.4 and 3.5.
EGS4 was used to determine the energy deposition, raw positron yield, and positron distributions. Y. Batygin used Beampath to estimate the capture yield from the initial positron distributions. Matlab was used to combine the results of the simulations, evaluate the expressions, and make the plots.
Assume the following beam and target system:
Beam and Target

Parameter
Symbol Next assume a 6.2 GeV electron drive beam. For a 4.5 r.l. W target, 30 mm-rad, 40 MeV acceptance, the yield of captured positrons per incident electron is about unity. This assumption on unity acceptance depends on the incident beam size and on the acceptance of the the downstream channel, including damping ring. The also depends on the bunchlength of the positrons leaving the target. As shown in Figure 4 , the yield as a function of incident beam size varies over a range from about 1.5 down to about 0.8 for 1.5 3 in mm mm σ < < . In the case of the Tesla damping ring, the acceptance and hence yield may be less. Additional studies of the capture yield into the Tesla damping ring for the distributiotns of conventionally produced positrons are required. Figure 1 with dE/E/Vol-norm = 21.4 mm/cm 3 and σ s = 0.63 mm (for σ in in units of mm). dE/E/Vol-norm is a key parameter in the estimation of the energy deposition for a spinning target.
Drive Beam and Additional Target Information
Incident Beam Pulse Energy, BPE:
( )
Note: The calculation of the BPE is for the "unity" gain situation, i.e. no overhead in positron production has been assumed. The engineering margin which must be assumed for the NLC is a multiplicative overhead factor between 1.5 and 2. This needs to be kept in mind when discussing the results.
Beam Stripe Area, Area:
where in σ is the incident rms beam size and S σ is the lateral rms spreading of the shower.
Peak Temperature Rise, ∆T:
.
Semi-Static Thermal Stress, σ SS :
Gruneisen Coefficient, Γ:
Vsevolozhskaya Expressions [3] for the minimum in the pressure wave, and for rapid and slow energy deposition (the minimum denotes to the peak in the negative pressure pulse):
occurs when 2.1
The factor of π is a correction to the Vsevolozhskaya expression for the minimum in the pressure wave; this correction matches the results on the LLNL studies of Ti and W in the case of rapid energy deposition ( s p v T σ < ); this factor has been applied to the case of slow energy deposition and should be checked.
Rapid Energy Deposition
Maximum allowed energy deposition, 
The factor of π is a correction to the Vsevolozhskaya expression for the minimum in the pressure wave; this correction matches the results on the LLNL studies of Ti and W. The factor of ½ is for material aging. 
Number of Targets Required: Semi Static Thermal Stress
The number of targets required is set by dividing the semi static thermal stress, σ SS , by the aged ultimate tensile strength of the target material at the anticipated peak temperature and rounding up to the nearest integer. Included in the expression is an explicit multiplicative Overhead factor. For this exercise, the Overhead is taken as 1.5 and the material degradation factor is 2. In Matlab syntax, N target is given as
CEIL Round towards plus infinity. CEIL(X) rounds the elements of X to the nearest integers towards infinity.
Number of Targets Required: Rapid Energy Deposition
In the case of an NLC formatted beam, the number of targets required is set by dividing the peak energy deposition by the maximum allowed energy deposition:
wherein the Overhead factor and the material strength degradation by a factor of 2 are shown explicitly.
Comparison with LLNL Simulations [1,2]:
Slow Energy Deposition:
For Tesla formatted photon beam, reference [1] found for a peak energy deposition of more than 200 J/g, the peak temperature rise was 440 0 C and the associated material thermal stress was Pa. For ∆T=440 Caveat, for a peak energy deposition of 216 J/g, C v _Ti = 0.527 J/g-0 C, gives a peak ∆T=410 0 C, and now the expression for semi static thermal stress gives a value of σ SS = Pa which agrees with the Livermore calculation to about 2%. The problem of course is with the inconsistencies in the numbers even though there appears to be agreement. 8 
10 ×
In the case of tungsten, reference [2] states that after the peak shock due to the pressure wave has damped out, the semi static thermal stress in the NLC WRe target due to 33 J/g of energy deposition is Pa associated with a peak ∆T=217 8 2.13 10 × 0 C. For C v _W = 0.149 J/g-0 C, 33 J/g gives a peak ∆T=221 0 C, and the expression for semi static thermal stress in W gives a value of σ SS = Pa. This value is about 25% greater than the LLNL simulation. The LLNL Ti simulation is a better match to the problem of "slow" energy deposition being considered here. It is essentially the same problem but with a different material. In the case of the LLNL WRe simulation, the predominant effect is the instantaneous pressure wave stress while the semi static thermal stress is an after affect. One expects in the WRe case, that the semi static thermal stress is less than that estimated for a peak peak ∆T=221 0 C due to some the decay of the temperature pulse from thermal conductivity but it is not obvious how much decrease there has been.
Rapid Energy Deposition:
In reference [2] , it was found that a peak energy deposition of 33 J/g resulted in a peak ∆T=217 0 C and a peak Von Mises stress of Pa. For C For small values of σ in , the fractional peak energy deposition per cm 3 exceeds unity because the actually volume of the shower is small compared to 1 cm 3 . The total absorbed beam energy for 6.2 GeV electrons incident to 4.5 r.l. of W is about 19%. It turns out that the peak absorbed energy per unit volume at a depth of 4 r.l. in W is the same as the peaks at 4.5 r.l. and the overall absorption is about 14% (for 4 r.l.). 
